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88144 STEPPI NG MOTOR The present invention relates to an electric \lC
G!p ng ‘ot or and nore particularly, to a stepping notor with an inproved\l>~
at’ r -assenbly: "Smal | el ectric stepping notors are known which 5 nmay be

df i ven by periodic pul ses produced by a transistorized drivi gmmﬁﬁ or

her well known equival ent circuits. Redardl ess of the neth
driven, the stepping notor generally includes a mai-n_magnetic €ircuit

forretl of a 10 permanent |y magnet jzed rotor disposed in ‘tHe ai-r gap

bet ween spaced apart first and secm%r s*magnetical ly coupl ed
to a coil. The excitation coil is magnetically coupled to the stator '
me

e ol rectil) noar e PRtadi Greds %enf’?sﬁaﬁﬁg?ﬁg bt 18R LEn: ough

the coi |l and -ceHepplind ndtos taid) lﬁ@f@%&rtﬂ?ﬂl&i‘l Ebaa EE@%%PPI'QHQ

not or construction’is shown in Figures 1 and 2 of acc
drawi ngs. The motor Gurthmsimprmmdetsbatby assenh]bj'e (| ron-ni ckel alloy)

t at nber 2 t th I ik
po e picces 2a and 4a SHRLL 1SkeRtele rsERRPLOR ROFORSIACE BROHE, HONtet i o
meteri al hagi n e ﬁ‘f&h ?&er%(l?’fo%i§ Ogulgeg r8dhékd By hkh aI | oy. The.

rotar is suppor d by a cent

otat on 1n thevarr gap between

the upper and lumamsistatrizedrdheiving Tatrcaitror etheri weldlr knosmsuppor t ed

by®

)

th :
ent circuits., - egardlgss gfugﬁe method by
'whic_h it is driven, the steppi_ng motor generally

pI astics bush| r}. o 1 nmoul ded jnto aRhoI e

includes a main magnetic circuit formed of a
10 permanently magnetized rotor disposed in the air gap
' between spaced apart first and second ‘stator members
. magnetically coupled to a coil. The excitation coil
is magnet:l.cally coupled to the stator members usually
| by one or _more magnetizable _core members in the form
15 of. 'simple rectilinear oi:' U-shaped 'steel or iron. plates :
extending through the coil and contactlng the stator
_members. ' ' |
One particular known stepping motor
construction is shown in Figures 1 and 2 of the '
20 accompany:.ng drawings. The motor comprises a :
. magnetically permea'ble (iron-m.ckel alloy) upper stator’
'member 2 ‘and lower stator member 4 with overlapping
spoke-like pole pieces 2a and 4a and a rotor. 6 in the
_ form of a disc of hard magnetic material having a
25 high coercive field €.8ey & rare earth alloy. The.
‘rotor is supported by a central axle 8 for rotation
. in the air gap between the upper and lower stator
‘members. The central axle in turn is supported by
~ plastics ‘bushing 11 moulded into a hole in the upper



‘the inventi ob-shapedeeoaenugmbersaﬂ.ﬂymmgamomg ipoxtt iong
.on a frame ne the first,s tor nber, hav a central, jub, multiple
spoke- i ke p?ﬁngelbﬁi%%s goug a &Fﬂg'if ﬁi’@‘% %%t]ré}? aperture-in ,

- 2 - stator nenber and a Iovver bUShI ng 12 in

r stator nenbers via 5 L- shaped core nenbers 18 having l-ong
ns 18a extending through the Ttotl=and short.portions 18b extending
transversely to contact the stator nenbers. The aforenentloned conponents
of the stepping notor are stacked on support posts 14a of 'the frane and\&Qc_

hel d in posistatobymesbersaid, aclowere 12 HirgH eErame The, NnDt Or is of

o 14 A wound coil 16 having .l eads 16a Teceives energi zi.ng *
’22 t, for instance pul ses of constant sign, and is coupled-to the upper

the type described_in US- PS 4,079, 279 to which reference may, be nade for

further detoh wowndieailplpohaving deadsaleshnaseises irnewgizingi nvention

*bbove. Thi's SiBfeblic, £0F) ShEBakcR’ sk U LHGInT i, (S D0l

i nvention bywredaﬁlee ﬁosi:ﬁ@ ﬁpﬁh%t th)'l'diﬁi: fslfaﬁbr’%émﬁefﬁ vig rotor 20
t herebetween with m nimal nagnetirc | osses. Briefly, ‘the Stg‘fé)l ng notor of

aenber nount ed

:)?:f glrjgbwrl n a%ﬁilﬁﬁg cat egalkhteﬁre ?’Q{ame me t%é%et%r lgé: gge
assenbly is 'meoaﬁmnemerltbonedecbmpmemd)uf e istepping angtawst i cs 30 *
T e Lk AT BOBE k£ bk 2"V U (il B ™
10 held in position by screws 21, €.Zs, as shown in '
Figure 2, The motor is of the type described in
US-PS 4,079, 279 to which reference may be made for
further details of its operation.
It is an object of the present invent:.on to -
15 increase the efficiency of a stepping motor of the
type described above. . . :
This and other obj ects and advantages are
achieved in the present invention by providing a
stable stator bridge for pivoting of the rotor
20 therebetween with minimal magnetic losses.
' ' 'Briefly, the stepping motor 'of. the invention
" includes a magnetically permeable first stator member

-

e mounted on a frame member, the first stator member ,

having a central hub, multiple spoke-like pole pieces . ot
25 - radiating from the hub and central aperture 4n. the - ;
hub through which one end of the rotor axle extends
for rotation, preferably in a bushing located in the
frame member. ~ A stator bridge assembly is also
mounted on the frame member and includes a plast:l.cs
30 holder member united to a magnetically permeable
L second stator member hav:.ng a central hub and multiple



- 3- s:poke-.-l-i ke pol e p| eces fadi ating fromthe hub in spaced, overlying
rel atian tg the-hub and pole pieces of the first stator nmenber to define a
gdp in which a rotor disc nounted on the central axle 5 _is disposed.  The

second stator menber includes a central aperture in the hub axially aligned-

with the:central aperture. of.the first. sjator menber and. portions of the
- plastics hol der nmenber are preferably thernoplastically worked to forma
bushi/ng in the 10 aperture of the second stator nmenber to rotatably

receive the oth d R1 Hiechd Gradlding of+omnehef hibeinl asti cs
hol der nenber f%i’%gg slg'g‘p?f)‘%t%lbr}#c?ge bet ween thrclagfi rst and second stator

nenbers. The fi spaced] osverlyivgtrelation o sthe dmab| gndpales have an
~arm extending frogmat |east ong of the pole-pieces fo eLi oupling to
the excitation pdiecesTof &t @%rﬁ%ﬁfg‘%’a W'?P‘h%ﬁ-me?ﬁ?gﬁﬁgné §3§at ion so -
. that they do no ' | Se - \Qﬁ# g@ggﬁi I eSent Xl Avpei ng of -
ot her extrane‘oug'ngk"é}s‘,= o% é‘%?%‘*iﬂe S ‘g&(‘)r nme e?g ?iiéeé?nar eas not -
associ at ed - §i t h jigh@ilspesEd HoIFhe sessnd | statori membert ineludeer ar educe

- magnetic |l osses. A stable bridge for rotor pivotj Lth m.ni gized, magnetic
lasses is provi ¢emtxal aparture rﬂ-%i%_fh@arﬂ‘iaifﬂc%égﬁﬁdnﬂgbﬁ thnd

efficiency. 25 . The invention. i r i wth
reference to.t hé’%ﬁpm’ﬁiuﬁﬁ a%gmn%li? _n?"hrgﬁi %EH:Q% 8%@285{ ?gaa'n expl oded
view of a k”OV‘“aﬁﬁﬁmﬂQ dPlitHe PEE1LES | RO1dELomenbari are preferebilye view
of the.assenbled 30 stepping notor of Figure 1, Figurge, k3 .i.g an expl oded
view of an embodihesmoplastically worked to form a bushing in the
- 10 aperture of the second stator member to rotatably
‘receive the other end of the rotor axle. Other
pbrt:l.ons of the plastics holder member_ form a support
bridge between the first and second stator members.

. . The first and second stator members preferably each -

| 15 have an arm extending from at least one of the pole
piécés for magnet:i'.c' coﬁpliﬁg to the gxcitatioh coil.
The arms are arrangea :m non-overlapping relation so
. - that they do not give rise to unwanted magnetic -
lossés-. Overlapping of 6ther 'extraneons areas 6_:E
20 ' the stator members (i.e., areas not associated with
the hub or pole pieces) is eliminated to further
 reduce magnetic losses.. A stable bridge for rotor
. -pivotingwith minimized magnetic losses is provided
Sl and. results'"in"signj.ficantl‘yfﬁg.ﬁcreas',ed motor efficiency.'
25 o _"'The.--inveﬁt:_ton will now Bg further described
o ‘with reference to the accompanying drawings, in which:-
o Figure 1 is an exploded view of a known

)

étepping motor comstruction; . _
' | .,.Figﬁre' 2 is a pérspective view of the assembled
R '30 stepping motor of Figure 1j
| | .Figure 3 is an exploded view of an embodiment

%



a stepping motor of the invention; Figure 4 is a perspective view of
sgcond stator member of the stator brjdge assenbly of Figure 3;  and.5
5 is a perspective view of the stator bridge assenbly of Figure 3

er. Referring to the drawi ngs,  Fisguf 8« 3 shows.an enbodi nent of a
st eppi ng notor of the invention having 10 an inproved-:stator assenbly.
It is apparent fromthe figure that nmany of .the other notor conponents alGe

simlar to thggego 3 ' i Bhgures 1 and 2 and I'i ke
N6F °aObLepB1REe RIS UE The MVERLESH Y

conponents are desig ed by |ike nunerals prined.” Both stepping notors are -
preferably 15  of thEigume @4 Hssear gerbpectivedriew 70f 26Re vdecdnds

i ncorporated herein b ef erence. The s‘ta&)or ssenbly includes a :
magnet i cal Iy ﬁE?FQEbPémi’PFsP S stadak ﬁ;&%ﬁ#@“@ﬁ@ﬁr al hub 20a',

mul'tiple, spokesdi.keapo pi eces 20b" 20 radiating fromthe hub and a
central aper%?%hggcsei_hﬁtdhe hub. As shown, one end of the rotor shaft 8

passes tBrough the ceRfipgaireaSetisuee pdispedtive vieei oEdthe sgapbty al i gned
bushing 12'.in the frame rrirrber 14'. Itis apparent that two of the pole -
pi eces on thebpkdge| assembly ofFigunen3 rshowing &he immewrsidesextended

contacti ng ¢ Het Rl b8heRl; T RRkidsl dthd Iace hefder ebBEy 1o o
armincludes a hol e 2Refekitingditovithe) diivARgs P Figur@ 3 Psliews aht is 30
‘apparent that the other pole pieces of the first stator
embodiment of a stepping motor of the invention having :
10 an improved stator assembly. It is apparent from the
figure that many of the other motor components are
similar to those of the stepping motor shown in Figures
1 and 2 and like components are designated by like
numerals primed., Both stepping motors are preferabiy
15 of the type illustrated in US-PS 4,079,279 which is
" incorporated herein.by reference. .
The stator é.ssembly includes a magnetically
permeable first stator member 20' having a central
" hub 20a', multiple, spoke-like pole pieces 20b'
20 radiating from the hub and a central 'éperture 20¢! in
the hub, As shown, one end of the rotor shaft 8' _
passes through the central aperture 20c* and is received s
in axially aligned bushing 12' in the frame member 14', )
_ - It-is apparent that t.wo' of . the pole pieces on the
25 left-hand side of the first stator member are extended |
. to.provide a ring motor arm 20d' projecting toward the
coil 16' for contacting the short arm 18b' of the first
core member 18, The ring motor arm includes a hole
.~ .20e' through which support post l4a' passes, It is |
30 apparent that the other pole iﬁ.eces of the first stator



the right-hand side. This contrasts with the lower stator nember 4 of
H'gure 1, and i*s an inportant .feature of the stator assenbly as expl ai ned!
bel ow. "Another inportant feature of theestator assenbly is the provision of '
stator bridge 22" which conprises a magRetlcaI |y perneabl e second stator

R
5 rrenber 20" have not been extended to provi de another ring notor arm on @

~menmber 23" simlar in configuration to the first stator nenber; 10 i.e.,
- hassiAg spoke-1i ke pol e pi eces 23a' radiating froma central hub.23b' and
.having a centr g 26t R3¢e hot!BeehUbxtEndedeto’ paiovide arotliferppar ent

that two of the pole p| eces on. the right-hand side (relative to Figure 3)
of “the second srimgrmmaobearmaon bhenrightehaaddcd.deo pIhiisi contnastsot or

arm23d' to cont hort a 18b! en The
“assenbl y furt_he‘r’ nﬁ&as Wﬁrnﬁﬁa n &H? ﬁgr ﬁgﬂr& ’a&q{rge%cﬁrﬁer |
memer 24° UN LegnbPehhf PeaehdesbE! Phe BEAtor2 ARkl YRl mer ki ng
“techni ques, for exanple, warm form ng, overnoul di ng or uItrasonl C

wel di ng. As slipgbowp Figures 3 and 5, a prOJ ecti:ng portion 24a'. of the

- plastics hol der nmenber over] aps,one (ou ‘side 2 of the ssecond
stator-nmenber and nul t i fpethessi margaP& f) é’gftel% ISF& %ﬂ‘?’r&?

. engage the ot he 3 %mﬁffs er eby
- hold the- conpon Eﬂgog}?ﬁ% oﬁ %ﬁsﬁ%ﬁ%@@ﬁ% %ﬂaqﬁ m over%élappl ng
~the inner side é&ﬁagnétﬁéamyhpémahbael seicond etatbdr menber28Y al

aperture of the hub_23b' to rotatablz recgive_30 _, end 8a' of th%rotor
" axle 8 The |s:pnblarhbnbugqpﬁ§gur ion/to the first stator member;

10  i.e., having spoke-like pole pieces 23a' radiating _
from a central hub 23b' and having a central aperture
'23c' in the hub, Figures é_and 5. It is apparent that
two of the pole pieces on the right-hand side (relative
to Figure 3) of the second stator member have been
© 15 - extended to prov:.de a ring motor arm 23d' to- -contact
the ‘short arm 18b* of the adjacent core member. ‘The
assembly further comprises a non-magnetically permeable
plastics holder member 24' united to the second stator
- member:23" by thermoplastic working techniques, for
20 examnle, warm forming, overmoulding or ultrasonic:
_ _weld.’mg. « As shown in Figures 3 and 5, a projecting
] _ portion 24a' of the plastics holder member overlaps

one - (outer) side 23e of the second stator member and - ... - -

~ multiple tabs 24b' are thermoplast:.cally formed to -
" 95 engage the other (imner)--side 23£' of the second stator
- member and thereby hold the H components together. A
bushing 24c' having a rim 24d' overlapping the inner .
~ side 23f' is also thermoplastically formed in the
. central aperture of the hub 23b' to rotatably receive
'30 end 8a' of the rotor axle 8'. The lip of the bushing



> acts to hold the conmponents together. The plastics hol der menber 24
Apul ded or otherwi se formed to provide a support bri dge 24e' of

cient thickness in the axial direction to contact the first stator 5
prriyer 20' when the notor is assenbled. . The plastics hol der nmenber is al so
Qi ded to provide a ring notor arm=246 <4aving a hole 249" for receiving -
the fastening screw 21'. It should be apparent that the stator bridge 10 ,
22' in conjunction with the first stator nenber 20' elimnate magnetic e
| osses experatgeecdcts toe hald the REdniptiieits fogethérs 1ThadplaBesasse of
extraneous magnetically perneabl e areas of the stator nmembers; i.e., areas
not associ athdlderhmen%ermtzlancismnmldei@nsotlperuiseeﬁemedvtm appi ng one

| anot her In the tor of the i,nvent.i he onl p reas of the .
stator nenbeP"s"’Yéggaﬁ'ds}‘?P%F&e qﬁlﬁ"e% “'éﬁgciﬁﬂg Eﬁg’én 8Fe pieces.
The ri-ng not gp gh&saik&&l”@ifé%%'tﬁp%éiﬂ:é@éaéhé’“ffféttgﬁatéﬁ not give

rise to unwanted magnetic 20 | osses. The steppi-ng notor of the invention
i's nount 8 omembéra26'lwhen theamotrr dpmssembked, 14Theaplastices 21

'._For exanpl e, first_stat,or er | aced, gn the, frane 14 wi t h _
the support. B@ESeESm%&%@ %M&‘lﬁ# etgtﬁmvjaa% i TingmekLar apert ure;
20c' ali gned | t ws %n[g B gl ued

“to the frane % Q"EThe col J%ho_li}%) ﬂ?%e fcooir‘gfen%é ers ?‘8 ggggl nghs
t heret hr oughscgewt a(ll!ed on the first stator nenber 20" with the slots 30 #
| 8¢' receiving the pgsts_l4a' The stator hridge

It should be apparent that the stator bridge

10 22° in conjunction with the first stator member 20’

eliminate magnetic losses experienced in the motor
construction of Figures 1.and 2 ‘because of extraneous
magnetically permeable areas of the stator members; '
i.e., areas not associated with the hub and spoke-like
15 pole pieces, overlapping one another, - In the motor of
the invention, the only overl'apping areas of the stator
members 20' and 23' are the central hubs and spoke-like
pole pieces. The ring motor arms are mot in overlapping
relation and thus do not give rise to unwanted magnetic
20 losses. | _ ,
| The stepping motor of the invention‘ is mounted
on a frame 14' by means of support posts 1l4a' and o
screws 21%, For. example, the first stator member 20° o
is placed on the frame 14' with the support post :
25 ext'énding through hole 20e' and with central aperture
20c' aligned with bushing 12'. Typically, the first
stator member is glued to the frame 14'. The coil 16’
with the core members 18°' extending therei:hrough is
stacked ‘on  the first stator member 20' with the slots
30 18c' receiving the posts l4a', The stator bridge



-7- assenbly 22' is placed over the arns of the core nenbers with t he hol

239" jAthe secend stator member receiving one support post 14a' and the

hdl e 249" in the pl astics hol der menber receiving the other support 5 -

post. In this arrangenent, the bushing 24c” of the stator bridge assenbly

is axially aligned with the central aper#ume 20c' of the first stator

~nmenber and -bushing 12' in the frame menber 14', -and the support bridge 24e'

- contdcts the inner side of -.the first stator 10" menber to provide a stable
mechani cal Dbri cw@séim?ezz! hesf !l&l:eﬁ”év%?:c%h@ %trﬁisobﬁ“?iﬁé?fc%réj cour se,

the rotor disc 6 no ed on central axle 8 1s located in the air gap

bet ween t he fi nemberis swi:bhdtheaholerrﬂﬁgér in the secodwl sifatior membkedei ng

received in the 15 ,b Shl n 24c¢' of- the stator, bri nbly, and. t he
other end in t eHRE BHPPATL: PSﬁ@ eﬁng?lq;%eAimj t Bt the
stator asserbl yyg¢ aE?ﬂESthiilhﬁisﬁémb@rt ha gl 74 zed.

Thi,s results in. cant 1 ncrease I n stepplng 0 nDtor efflc ency,
e.g., a steppi rlggs]m orInoﬁhﬁ.suartdngeneutgrdhhmbuﬂhﬂng fﬁm%mtt}m will
provide a 20% hi gher out torque_at the sa currqnt vd a simlar

ut
sized notor as %ﬁﬁﬁﬁﬁlhr£ﬂ§§r§§sfmbﬂy is ax :Fl hrF st eppi ng
notor of the ty n a e t Hﬂmﬁﬂﬁf art,
over | appi'ng relgﬁ%ﬁg*' ggé?l:ﬁ%e Qgg‘{'p 1?%2 %e'?v}g:resn in ".S"ch a rotor Psc S

nount ed on a(ﬁﬁﬁsﬁingxlﬂ'fiﬁ the frame member 14', and the support
| bridge 24e' contacts the inner side of the first stator

10 member to prcvide a stable mechanical bridge between
the first and secoﬁd'stator members, Of course, the
_rctor'disc 6' mounted on central axle 8' is located
in the air gap'between the first and second stator
members, one end 8a of the axle being received in the

15 .bushing 24c' of the stator bridge assembly and the other

© end in the buShing 12* in the frame member 14',
- As a result of the stator assembly used,
magnetic losses in the stepping motor are minimized.
_.This results in a signlficanc increase In steppxng

20 motor efficiency, e.g., a stepping motor constructed

B in accordance with the invention will provide a 20%
higher output torque atwthe same current level than

| 4}

a similar sized motor as shown in Figures 1 and 2,



f-a{ion and having a coil magnetically coupled to the first and second
" sfiatoy nenbers, the inprovenent conprising: (a) a magnetically: per nabl e-

i h#t/ stator nember having a central hub, multiple spoke-like-pole pieces *s
ting fromthe hub and a central aperture-in the hub through which one
end of the rotor axle extends for rotgtdion; (b) a stator bridge assenbly
- conprising a magnetically pernmeable second stator menber having a central =
"hub and nul tiple spoke-like pole pieces radiating fromthe hub-in spacedNes
over | appi ng @%on to the hub and pole pieces of the first stator nenber
and -further Si ng a non- magnetical I'y permable plastics hol der nenber -
united to the second stator nenber, said second st at or ‘nmenber havi ng
~a-central aperture e tH& KuIStepping motomof whe tYRechaViBg aperture of

forming a Ehiﬁrﬁa"%ﬁé@iﬁ%ﬁﬁﬁ#ﬁ%ﬁ £8 BB eBft kot for
receiving thevei-m g&@ Heldtdoits dafineV 4 hgdlp "Eherabeteebnola of the
pl asti cs hol der mang forming a * support bridge between the first and

second -whschtarmmrch,sq (mgunMQnoa eentral axdesfaoror bridge
assenbly and f st at er to n o] accord ng to;
daim 1yvvner haéion and hav'? &e{f etf‘caif pcogpfgh t (ding tos

the first and second stator members, the :merovement

%

comprising. : , .
(a) a magnetically permable first stator member
having a central “hub, mult:l.ple spoke-l:.ke
pole pieces radiating from the hub and a
central aperture in the hub through which
. one end of the rotor axle extends for rotation,
(b) a stator ‘bridge assembly comprising a .: -
: ' magnetically permeable second ‘stator member
having a central hub and multiple spoke~like
'pole pieces radiating from’ the hub- in spaced,
overlapping relation to the hub and pole |
pieces of the first stator member and further
~comprising a non-magnetically permable plastics .
holder member united to the second stator member,
said second stator member having-a-central
a'perture*in the_ hub axially -aligned with the - _ .
5. . central apertnre,of the first-stator member |
|  and said plastics holder member having portions
forming a bushing in the central aperture of

ol

second stator member for receiving the other
- end of the rotor axle with rema:.ning portions
of the plastics holder member forming a

support bridge between the first and second.

A T



form,ﬂeg sai.d bushing in the central aperture of the second stator menber

afid &l so for m ng connecti ng tabs to engage the second stator nenber and
unite it to*the holder nmenber. 3. A stlegppl ng notor according to Claiml
“wherein the neans for hol di ng the stat®or? bri dge assenbly and first stator
menber together conprises a frame nenber supporting the first stator nenber
areHavi ng a bushing axially aligned with the central aperture of said .
~first stator nember togtatgiVmembessgne end of the rotor axle, and means

for clanping the stator bridge assenbly and first stator nmenber against the
frame menber in stackeéndel ation. 4. In a stepping notor of the type having

Gef 1 1e"a- gap.t e (ot iBeRBRn S, bR1SARG: G e il Spp ol ol °

axle for rotation and aﬁﬂ B9 r3+C Qita R0 Hrfed! ggéﬂ'%&fd to the first and-
t he

second stator nenbers, t | nprovenment conprisin a frame nenber
carrying a bushing; (b2.a Angteppding moptamadﬂoa:dingttcst@lammrﬂendﬂmerein

;Si;lsgo?iceifgg E}Q&é{%srﬁs ehﬁiigﬁ&{;aw e&-’ e tr elsa'h , nultl%iecgfdkifll::
rotor axle ext@og‘éggﬁgr%apso?%#% %Qg'ushl ng, %%%er%l ng an arm

eﬁ*t endi lng frorapértaget ofnehel seeotid statvrcurmbe amlxlss formingg to
t he coi

the pl;astics hol der menber includes thernoplasticall y wor ked- portions : g
‘é

connecting tabs to engage the second stator member and
unite it to the holder member, - | “
- 3. A stepping motor accord:.ng to Claim 1 wherein
‘the means for holding the stator bridge assembly and
first stator member together comprises a frame member
: supporting the first stator member and having a bushing
axially aligned with the central aperture of said first
. stator member to: receive said one - end of the rotor axle,
and.means for clamping the stator bridge assembly and
_ first stator member a_gains_t the frame member _in stacked
relation. . | | T o
| 4, In a. stepp:.ng motor of the type hav1ng first
and second stator members in spaced apart, overlapping
i E relation to define a gap therebetween in which a rotor
' disc is mounted on a central axle for rotation and
.having a coil magnetically coupled to the first and )
second stator members, the 1m§rovement comprising. |
(a) a frame member 'carrying a bushing;
(b) a magnetioally_ permeable f_irst stator mem'b.er '
- disposed on the frame member and having a
central hub, miltiple spoke-like pole pieces
radiating from 'the'hub and a cemtral aperture |

* c L M - *
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a St at or——br‘rdmorrprl sing a nagnetically. perneable second
: menberm l““““ m‘; hub and mul tipl e spoke-Ilike pole pieces -+
ajing fr “A“‘H - overlapping relation to the hub and pol e*s
pi ece of the i rest tst At o rrerrber ‘and havi ng an arm éxtending from-at | east-
onmeof said pole pieces in spaced, nork®ver| app_| ng relation to the arm of
said first stator nenber, and further conprising a non-magnetically

per meabl e plastics hol der menber uni ted to the second stator. nenber, sai dv»f
second stator nenber having_ a:.central aperture in the hub axially al i gned -

with-the central apedmuthehulnakigned with the bushing andqithravehcs

hol der - neimber havi ng erMmpl as Vs n bushi ng in
the central aperture‘%ﬁ%éﬁ*ﬁ éﬁcga%# %ﬁg?g é#%% %Eﬁé@tho%t her end of
‘the rotor axle with hReERitid ﬁpréamswéhiﬁlg péAdt feetherdhh: ah '
formng a support bridge between the first- and second stator me ers; and -

(d) means for hol di n@umhextending rfxoe atskeast one ofrsaidi pode menber .
heTel hbetore' taser | bRiGas o masratiS T EadltR BE RO Z'c'cﬁngin'yi n*;;,
phot ocopyi ng. tySeder oS AL BEiddé Sesambly ceompebs f?ﬁ??gé‘*&%ﬁ&%gm s F
which are difficult qrea:mdqhiﬂrsenombmmmngnember gavingeat centraile -
prem ses of the Pat erimb and multiple spoke-like pole pieces

radiating from the hub in spaeed, - overlapping

WY Y

~ relation to the hub and pole pieces of the
first stator member and having an arm extending
from at least one of said pole. pleces in spaced,

n-overlapping relation to the arm of said

first stator member, and further comprising a
non-magnetically permeable plastics holder
member united to the second stator member, se:.d

' second stator member having a central aperture

" in the hub axially aligned with-the central

" aperture of the first stator member and said |
plastics holder member having "thermoplesticaliy
worked portions forming a bushing in the central
aperture of second stator member for receiv:l.ng
the other end of the rotor axle with remaining N
portions of ‘the plastics holder member forming . . .

T

- a support bridge between the first -and second
~ stator members; and o
(d) means for holding the stator bridge assembly and
, ~ first stator member together on the frame member.
'. 5; A stepping motor substantially as hereinbefore
described with reference to Figures 3 to 5 of the-
accompanying draw:mgs. L -
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typesczipt containing these snendments may be inspectsd on the premises of the Patent Office




